women in the urban US sites. Conclusion: This clinical trial represents a role model for pharmacological treatment in this unique sample of pregnant women and demonstrates the clinical importance of considering site-specific factors in research and clinical practice.
with compliance frequently results in unplanned pregnancies or delayed identification and subsequently late start of antepartum care as well as gynecological/obstetrical complications such as premature delivery, stillbirth, or placental disruption [5] [6] [7] . Moreover, psychiatric comorbidities, in particular anxiety disorders and depression, are highly prevalent, frequently untreated, and further complicate treatment of this special patient population [8] .
Although opioid maintenance treatment with methadone has been established as the first-line treatment for opioid-dependent pregnant women in most industrialized countries, recent publications have reported effectiveness and fetal safety of buprenorphine [9] [10] [11] [12] . Two independent randomized controlled trials (RCTs) conducted by Jones et al. [13] and Fischer et al. [14] provided data suggesting that buprenorphine may be well suited as maintenance medication in opioid-dependent pregnant women. These two pilot trials were precursors for the larger multi-site study 'Maternal Opioid Treatment: Human Experimental Research (MOTHER)', the subject of this secondary analysis [15, 16] . The intent of the MOTHER study was to recruit a sufficiently large sample of opioid-dependent women to generate evidence for the safe and efficient application of methadone and buprenorphine during pregnancy [9] . The main finding of the MOTHER trial refers to the safety of both medications with superior effects of buprenorphine yielding significantly shorter treatment durations for neonatal abstinence syndrome (NAS) and associated lower medication requirement and hospital stays in neonates. However, women maintained on buprenorphine were more likely to discontinue their treatment due to medication dissatisfaction, suggesting that the partial agonist might not be optimal for all subgroups of opioid-dependent pregnant women, particularly not for those with the most severe addictive disorders. Besides differences in treatment response and clinical outcome on the inter-individual level, results in the MOTHER study might also differ due to regional disparities of patient subgroups. An analysis of the screening sample of the clinical trial [17] , dividing the pregnant women into three groups, namely US urban, US rural and Central European patients, revealed significant inter-group differences with regard to sociodemographic and clinical/substance use characteristics.
Therefore, the aim of this secondary analysis study is to investigate in depth whether these regional patient disparities found in the screening sample become also apparent in maternal and neonatal clinical outcome parameters. The analysis could though yield new insight into region-specific factors influencing the course of treatment and subsequently the clinical outcome by comparing a range of selected variables crucial for measuring treatment outcome in US urban, US rural and Central European MOTHER study completers.
Materials and Methods

Study Participants
Of 1,074 women screened, 175 (16.3%) were blindly randomized to the study medication (buprenorphine/methadone), whereof 131 (12.2% of screening sample; with 58 women maintained on buprenorphine and 73 on methadone) completed the study protocol, i.e. they stayed in multi-professional treatment and were following all required study procedures with daily visits at their study center until 28 days postpartum.
The MOTHER study participants had to have a singleton pregnancy, an age between 18 and 41 years, and no alcohol or benzodiazepine use disorder as well as no medical or any other conditions preventing them from following the stringent study protocol, such as pending legal issues or planned delivery at a hospital other than the study center. For a more detailed description of inclusion and exclusion criteria see also Stine et al. [15] .
Study Procedures
The study participants were submitted to daily clinical procedures, including psychiatric, gynecological and other medical diagnostic and treatment interventions provided by a multi-disciplinary blinded study team, also taking care of the neonatal treatment. Since this is a secondary analysis and the main outcome publication [9] covers a detailed description of study procedures, they are only described very briefly as follows:
The MOTHER study protocol required daily supervised medication intake, three times weekly supervised urine drug screens, standardized ultrasound monitoring and delivery at the site hospital. The women received vouchers in an escalating pattern for study participation and provision of negative urine samples (screened for opiates, amphetamines, cocaine and benzodiazepines; THC was not included for contingency payments) as a form of behavioral reinforcement/contingency management.
After delivery, standardized postnatal procedures were applied for mothers and neonates. The children remained hospitalized for a minimum of 4 days (original protocol intended 10 days postpartum (performed at the Vienna site)), and standardized NAS rating by use of a modified Finnegan Scale, comprising 19 opioid withdrawal symptoms to determine the need for treatment [18] , was conducted every 4 h during hospital stay by trained nursing staff, blinded for antenatal medication exposure. If a neonate was discharged from hospital before day 10, it was expected that he/she would remain in a residential setting with the mother, where NAS monitoring by trained staff could be continued until 10 days after birth. However, NAS scores could only be collected twice daily in the frame of this setting [9] .
NAS Treatment Protocol
According to the study protocol, NAS was treated with oral morphine drops (morphine hydrochloride at the Viennese site, Baewert /Jagsch /Winklbaur /Kaiser / Thau /Unger /Aschauer /Weninger /Metz Eur Addict Res 2012; 18:130-139 132 morphine sulfate at the US sites). Pharmacotherapy was initiated when the NAS score was 6 9, with morphine doses (in parentheses) selected according to the NAS score as follows: 0-8 (0 mg), 9-12 (0.04 mg/dose), 13-16 (0.08 mg/dose), 17-20 (0.12 mg/dose), 21-24 (0.16 mg/dose), and 6 25 (0.20 mg/dose) [15] .
Ethics
Prior to treatment initiation, patients signed informed consent for trial participation and for analysis of data. The study protocol was approved by the ethics committee of each study site (for Vienna IRB No. 451/1998).
Analysis/Statistics
For the purpose of this analysis, the seven patient-contributing sites were divided into three groups (site clusters): the Vienna site (n = 37), the rural US site (n = 39) and the urban US site (n = 55). The Canadian study center was not included since it randomized no patients.
To provide comparable data for neonates, the daily mean NAS scores and the amount of medication administered over the whole time period of NAS treatment were analyzed (the mean total morphine dose, morphine dose/day and the duration of NAS treatment). The following birth outcome measurements were collected: Apgar score at 1 and 5 min (Apgar scores at 10 min were only available at the Viennese site), head circumference, birth weight, length and type of delivery (vaginal or cesarean), as well as length of stay in hospital.
Statistical Procedures
Statistical analysis was conducted in the form of a completer analysis using SPSS 16.0 for Windows. Pearson's 2 tests were used for categorical data; in case of significance, the direction of the standardized residuals was used to help interpret the results.
One-way analysis of variance (ANOVA) was applied for analysis of continuous data to detect differences of means between the three groups of study sites. In case of significance, Bonferroni post-hoc tests were used to correct for alpha error.
Two-way analysis of variance (ANOVA) was used for neonatal outcome variables. Site and study drug served as independent variables. p values are provided for the two main effects and for the interaction between site and study drug. Bonferroni post-hoc tests were used as well to correct for ␣ error. In cases where preconditions were violated (inhomogeneous variances), alternative non-parametric test procedures were used (Kruskal-Wallis tests followed by Mann-Whitney tests).
For all comparisons, ␣ of p ! 0.05 was considered significant -inter alia to generate new hypotheses and to get better comparability of results with the site differences paper regarding screening results of the MOTHER trial [17] .
Results
Maternal Characteristics
Compared to both US sites, women in Vienna/Central Europe were significantly less educated (p ! 0.001). For all other sociodemographic characteristics significant differences were found between urban US and Viennese women, but not between rural US and Viennese participants. Urban US women were older (p ! 0.001), more often non-Caucasian (p ! 0.001), less often married (p = 0.027), and less often employed (p = 0.011) than women from Vienna. No significant differences were found for rates of legal involvement between the sites. Concerning BMI, urban US women scored significantly higher than Viennese women (p = 0.031), but not higher than women from the rural US sites ( table 1 ).
Significant differences in screening modalities between the three site groups were revealed (p ! 0.001); while screening in Vienna was conducted exclusively face to face, rural US sites mainly screened by phone (62%), whereas about one third of the women of the urban US sites were screened by means of medical chart review. No significant differences were found for the age of first heroin use and the mean number of cigarettes smoked/day between the three sites. Women of the urban US sites had a higher percentage of polysubstance use (36%) compared to the other two site groups (p = 0.004), spent much more money on drugs (p ! 0.001), had a longer history of prior heroin consumption (p = 0.002) and a higher Addiction Severity Index [19] drug composite score at time of screening (p ! 0.001) [17] .
During the course of study participation until delivery, significantly higher rates of concomitant opioid (p = 0.050) and cocaine consumption (p = 0.003) were found for women at urban US sites compared to the Central European/ Vienna site, while no differences resulted for benzodiazepines between the three site clusters (p = 0.328). Regarding positive urine toxicology results for THC, women of the rural US sites showed significantly higher rates than the two other sites clusters (p ! 0.001) ( table 2 ). Correspondingly, a significantly lower amount of vouchers was dispensed to urban US women compared to Viennese (p = 0.003) and rural US (p = 0.001) study participants.
Regarding mean doses of study drug at time of delivery, urban US women had a significantly higher mean methadone (103.00 mg) and buprenorphine dose (21.60 mg) than Viennese and rural US women (p ! 0.001).
The urban US site showed the highest dropout rate with 32 women during pregnancy (i.e. 37% of enrolled 87 subjects) compared to the two other site clusters (p = 0.001). The Vienna and US rural sites had lower dropout rates with 10 and 17%, respectively, over a mean study duration of 21 weeks until delivery, with almost equally distributed medication groups with 50% of women on methadone/buprenorphine. At the urban US sites, 64% of dropouts were medicated with buprenorphine. Almost 50% of 'early study discontinuation' (17 out of 32 ran- p sit e = Probability site cluster; p PH1 = probability post-hoc-1 urban USA vs. Vienna; p PH2 = probability post-hoc-2 urban USA vs. rural USA; p PH3 = probability post-hoc-3 Vienna vs. rural USA. a Pearson's 2 test. domized women dropped out soon after transfer to the study medication) occurred at one US urban study center (Johns Hopkins Medical Center), while study medication exposure (methadone vs. buprenorphine) in the three US urban sites together remained balanced even after excluding dropouts with no significant differences between the study medications (p = 0.293).
Neonatal Characteristics
Regarding Apgar scores, neonates from Vienna were rated significantly higher, irrespective of study drug at 1 and 5 min after birth (p = 0.001 and p ! 0.001, respectively). No significant differences between sites were revealed for birth weight, length or head circumference of neonates, but significantly better results for buprenorphine-exposed children in all three outcome parameters (all ps ! 0.05; table 3 ).
Birth Outcome Measurements
Thirty-seven neonates were born at the Vienna site, 55 in US urban and 39 in US rural sites, with 17 (46%), 25 (45%) and 24 (62%), respectively, being male (p = 0.251). Comparing the three site clusters, no significant difference was observed with regard to preterm rate (methadone: p = 0.364, buprenorphine: p = 0.794), with 18 of 131 neonates (13.7%) born preterm (prior to 37 weeks of pregnancy), whereof 14 children (78%) were prenatally exposed to methadone (p = 0.043). The majority of neonates were born vaginally, with a significantly higher cesarean rate in Central Europe/Vienna (p = 0.024).
Results Related to the Neonatal Abstinence Syndrome
Sixty-eight neonates (52%) showed signs of NAS requiring treatment, 57% after methadone exposure and 47% with intrauterine buprenorphine exposure (p = 0.279). Significant site cluster differences were found for NAS treatment parameters, with the US sites reporting more favorable treatment outcome for buprenorphine-exposed neonates, i.e. significantly lower mean treatment durations of 2.5 days at the US rural sites compared to 7 days in Vienna, where no significant inter-medication group differences could be shown ( table 4 ). The higher mean treatment requirement (in days and dosing) after intrauterine methadone exposure is significantly longer in the US urban group with 18 days compared to the US rural group, which had the (significantly) shortest treatment duration requirements independent of opioid medication exposure. No significant correlations between maternal opioid maintenance dose at delivery and NAS scores were revealed. The factor 'site' had no influence regarding this result.
The US rural sites reported significantly shorter mean neonatal hospitalization durations (range 4-79 days, p si te = Probability site cluster; p SD = probability study medication; p IA = probability interaction site cluster ! study medication; p PH1 = probability post-hoc-1 urban USA vs. Vienna; p PH2 = probability post-hoc-2 urban USA vs. rural USA; p PH3 = probability posthoc-3 Vienna vs. rural USA. 
Discussion
A previous publication on screening data of the MOTHER trial already reported significant site cluster differences between patients from urban/rural USA and Central Europe (Vienna), concluding that urban US women might be a particularly vulnerable group with the highest addiction severity of the three investigated groups [17] . The present study showed as well that such site-cluster-specific factors are very important to be able to adequately evaluate study results and to ensure the clinical relevance of the investigation.
This heterogeneity of site clusters remained partly statistically significant in this secondary outcome analysis focusing also on additional variables not having been corrected for in the primary outcome paper [9] .
Regarding baseline data at screening and study completion/retention, considerably more similarities have been found between the Central European site and the US p s ite = Probability site cluster; p SD = probability study medication; p IA = probability interaction site cluster ! study medication; p PH1 = probability post-hoc-1 urban USA vs. Vienna; p PH2 = probability post-hoc-2 urban USA vs. rural USA; p PH3 = probability posthoc-3 Vienna vs. rural USA. a Pearson's 2 test. b Non-parametric tests (Kruskal-Wallis and Mann-Whitney tests).
rural sites, with especially low dropout rates (10 and 17%, respectively) over a mean treatment duration of 21 weeks until delivery, compared to a discontinuation rate of more than one third of the enrolled US urban inner city study population. This difference might be attributable to the higher prevalence of polysubstance abuse at the urban US sites, since polydrug use among pregnant opioid-dependent patients is associated with premature treatment termination [15] . A variety of research findings support the easier availability of illicit substances in urban areas, particularly the availability of cocaine is known to be increased [20] [21] [22] . These differences in cocaine availability have also been shown for European city comparisons, and were confirmed in a multi-site investigation of cocaine consumption patterns in capital cities of the EU, with a significantly lower prevalence for Vienna, which was not comparable to larger US cities [23] .
In contrast to cocaine availability, the significantly higher number of THC-positive urine toxicology results at rural US sites is in line with other publications showing a higher availability of cannabis and marijuana in rural areas [24, 25] . The low percentage of concomitant benzodiazepine consumption during study participation until time of delivery in all three site groups is attributable to benzodiazepine abuse being an exclusion criterion for enrolment in the MOTHER study [9] .
The generally low concomitant consumption over the course of pregnancy in this study compared to other RCTs in opioid dependence might be related to the stringent inclusion/exclusion criteria, the intense comprehensive care in a multi-professional setting, including daily visits for medication intake, and the voucher incentives for drug-free urine samples [14, 26] . Accordingly, the Vienna and the rural US sites showed lower rates of concomitant consumption than the urban US sites and thus earned significantly higher voucher monetary incentives with more than USD 20 difference per week, a finding that supports the positive effect of contingency management in that setting [27, 28] .
In contrast to the Viennese study population, a large part of screening in randomized US patients was conducted by telephone interviews and medical chart reviews. The personal screening at the Vienna site via faceto-face interviews might have fostered the development of a relationship between patients and caregivers from the beginning on and thus enhanced the women's compliance, suggesting that retention might be particularly influenced by the character of the first contact [29] . Particularly an unfavorable or unsatisfying initiation of relationship can have a negative influence on treatment motivation and retention, especially in psychiatric patients with substance dependence [30] .
In addition to inter-site cluster differences in screening procedures affecting relationships between caregivers and patients, and in addiction severity, higher dropout rates in urban US sites might also refer to the medi cation/medication dissatisfaction with buprenorphine (4 patients medicated with buprenorphine dropped out in Vienna, 4 in rural US sites, and 20 in urban US sites). Transfer onto buprenorphine can be a particular challenge due to the mixed partial agonistic/antagonistic profile, whereas a more homogeneous profile in patients and treatment facility can be beneficial for stabilization. Even if the mean buprenorphine dosing at time of dropout with 14 mg does not suggest underdosing, the early mean dropout time with 9 days after medication induction requires some further investigation [9] . However, these results support the need for opioid medication diversification for pregnant patients.
The mode of delivery does not seem to be a reliable outcome variable, for example the cesarean section rate was higher in Vienna compared to the US site clusters due to different healthcare procedures; whereas cesarean sections are also conducted in Vienna on request, the patients in the US were not offered this option, and cesarean sections were done upon medical indication only.
The beneficial outcome in neonates in favor of buprenorphine is in line with prior publications indicating a significantly longer NAS treatment duration with subsequently higher morphine doses in methadone-exposed infants, independent of applied study design [31, 32] . Nevertheless, various prospective RCTs comparing buprenorphine and methadone at the Vienna Addiction Research Center, including the pioneering study administering buprenorphine during pregnancy [33] [34] [35] [36] [37] , suggested a milder course of NAS after intrauterine buprenorphine exposure, although not always yielding significant differences from methadone [5, 14, 38] .
The site cluster differences in neonatal outcome might also be related to the different implementation of the study protocol; whereas the minimum length of hospital stay for mothers and neonates in Vienna was 9 days, the minimum hospitalization periods of neonates in urban and rural US sites were only 2 and 4 days, respectively. At US sites, mothers and their newborns were discharged to residential settings where NAS observation and if needed, adaptation of NAS treatment, took place. The standardized tight observation interval at the Vienna site after frequent NAS scoring (intervals of 4 h), in contrast to twicedaily scoring with intervals of 8 h with subsequently dif-ferent intervals for morphine applications in especially the urban US centers, may even have led to overrating of symptoms in Vienna over the time course compared to the urban US sites. However, the mean total morphine dose for NAS treatment was still significantly lower at Vienna compared to the urban US sites, where particularly the mean total morphine dose for methadone-exposed newborns was considerably higher in addition to the high standard deviation, suggesting a heterogeneous newborn sample with regard to NAS. When comparing the low standard deviations in Vienna to those of the US sites, the stringent application of the protocol might have resulted in a more homogeneous picture.
The significantly shorter duration of hospitalization at the rural US sites (mean treatment duration of 4 days) could also have been influenced by the significantly higher intrauterine THC exposure -however, there is no evidence for that hypothesis available so far [39, 40] . Moreover, length of hospital stay does not seem to be an adequate treatment outcome indicator since psychosocial reasons frequently lead to longer hospitalizations than medically necessary. The need for treatment requirement is a much more objective outcome indicator that should be considered, particularly in RCTs. Reasons for the different implementation of study procedures might partly be explained by the differences between US and European healthcare systems, which play a particular role in this special patient population. In the US, research participation is frequently the only possibility of being enrolled in treatment, especially in a population of substance-dependent individuals, in contrast to Europe where general practitioners can maintain opioid addicts on methadone or buprenorphine on a lowthreshold basis; moreover, inpatient hospitalization can easily be extended, also on the patient's request [41] [42] [43] [44] . Furthermore, to meet Good Clinical Practice requirements, principal investigators in clinical trials in Europe need to be medical doctors, whereas this is no requirement in the US, and the protocol implementation is in the principal investigator's responsibility. Additionally, medical insurance coverage for study participants is mandatory in Europe, entailing that the principal investigators stick as strictly as possibly to the submitted protocol to ensure the insurance coverage. Thus, regarding neonatal treatment procedures, the children in Vienna had to stay in hospital for at least 9 days, with a roomingin option for the mother in contrast to the newborns at the US sites.
Finally, it has to be highlighted that not only medication aspects, but also environmental as well as cultural aspects or regional disparities of study participants should be considered in multi-site research planning, study implementation and interpretation of results.
Conclusion
Data collected in the MOTHER trial have enabled a unique comparison between Central European/Viennese and rural/urban US pregnant opioid-dependent women and have shown differences in pretreatment characteristics, addiction severity and pregnancy outcomes [9] . Site cluster differences in many relevant sociodemographic and clinical variables as well as in healthcare systems might influence therapeutic interventions to a great extent and, thus, need to be considered from the beginning on when planning a study. As the first international study on opioid-dependent pregnant women living on different continents, it represents a role model for pharmacological treatment during pregnancy and provides valuable lessons for future research on opioid-dependent women and outcome of their neonates. Moreover, study procedures that have turned out to be beneficial at different site clusters should be transferred into clinical practice.
